Introduction
Oil palm is rapidly expanding in the tropics, often replacing biodiversity-rich natural habitats that support high concentrations of species of conservation concern (Vijay et al., 2016) . Much of this expansion, particularly in South East Asia, has occurred at the expense of tropical forest (Fitzherbert et al., 2008; Edwards et al., 2010; Vijay et al., 2016) . Worldwide actions for forest protection from land use change, including oil palm development, are rapidly gaining traction, particularly in the tropics (e.g. REDD +, PES) (Miles and Kapos, 2008; Gilroy et al., 2014) . Whilst welcome, the focus on forest protection risks displacing agricultural development activities to other natural ecosystems that also support high biodiversity, such as tropical natural savannas (Miles and Kapos, 2008; Grau et al., 2015) .
Savannas are vulnerable to many agricultural developments including legal and illegal aggregate extraction (e.g. gravel, sand clay, limestone, gemstone and hydrocarbons) intensive cattle grazing, soybean, rice and oil palm among others (CONPES 3797, 2014) . Consequently, some tropical savannas systems have been identified as priority areas for agricultural expansion, partly due to a perception that impacts to biodiversity may be low, at least relative to forest habitats (Garcia-Ulloa et al., 2012; Carranza et al., 2014; Gilroy et al., 2015a) . However, natural savannas can support unique and important biodiversity. With the growing demand for agricultural commodities, the pressures for development in tropical savannas ecosystems are increasing. As such, tropical savannas risk becoming one of the world's most threatened habitats (Baruch et al., 2004; Hoogesteijn and Hoogesteijn, 2010; Romero-Ruiz et al., 2012; Laranjeiras et al., 2012; Murphy et al., 2016) . Savannas typically comprise natural and semi-natural mosaics of native grass-dominated habitat, with scattered shrubs, wetlands and riparian forests. They can be extremely heterogeneous, particularly in areas with diverse edaphic properties and flooding regimes (Blydenstein, 1967; San José et al., 1998) . Savannas in South America extend over 2.1 million km 2 , primarily in Brazil, Bolivia, Venezuela and Colombia (Gassón, 2002; Pennington and Lavin, 2016) , and many support exceptionally high biodiversity (Jiménez et al., 2001; Guimaraes et al., 2004) . For example, the Colombian Llanos biome (including both savannas and forest habitats) is home to around 853 species of birds (Olivares, 1982) , including significant concentrations of waterbirds, around 706 known species of vascular plants (Grace et al., 2006) , around 658 fish species (Rippstein et al., 2001 ) and 167 species of mammals (Romero Ruiz, 2011) . Surprisingly, the region has received little conservation attention relative to adjacent Amazonian or Andean ecosystems (Romero-Ruiz et al., 2012; Murphy et al., 2016) , with only 4.6% of the entire savanna system under some form of protection status (PNNC, 2017) . However, the biodiversity found in the Colombian Llanos is under increasing threat due to land use change and resource extraction (Gilroy et al., 2015a) . The Llanos accounted for 7% of Colombia's GDP in 2011 (Delgado Barrera et al., 2013 and with ongoing improvements to market conditions and infrastructure, the region has become the country's agricultural epicentre (Romero-Ruiz et al., 2012; Vargas et al., 2015) .
The Colombian government has identified around 70% of the Llanos area as suitable for conversion to agriculture, primarily oil palm, rice fields, soy and silvopasture production, (CONPES 3477, 2007; Romero Ruiz, 2011; Romero-Ruiz et al., 2012; CONPES 3797, 2014; Vargas et al., 2015) . Oil palm expansion in particular has been advocated by land-use planning models that accounting for trade-offs related to food security, biodiversity and carbon stocks (Garcia-Ulloa et al., 2012) . In addition, Gilroy et al. (2015a) suggested that improved Llanos grasslands should be targeted for oil palm development, based on low predicted impacts on biodiversity. Critically, however, neither of these studies used empirical data on biodiversity from natural savanna habitats in the Llanos. Thus far, no studies have examined the relative vulnerability of natural savanna communities to the expansion of oil palm, and whether this vulnerability varies with species traits.
It is also critical to determine whether there are crop management practices that can contribute to biodiversity retention in oil palm. Several new practices have recently been adopted in the Llanos, including use of a non-native vine from Asia ('kudzu', Pueraria phaseoloides) as ground cover under palms to reduce soil erosion and to provide nitrogen fixation services (Van Hiep et al., 2008) . Although the effects of kudzu vine cultivation on bird biodiversity within oil palm plantations have not yet been studied, we hypothesized that the vines might offer increased habitat complexity or food resources that could benefit some species (Azhar et al., 2013) , but the extent of these benefits has not been assessed previously (Tye, 2007) .
Using data from a large-scale field-based survey, we address the following questions: 1) Do bird species abundance, diversity and community structure differ between oil palm plantations and adjacent natural savannas? 2) Is bird diversity influenced by oil palm plantation management features? 3) Are savanna bird communities influenced by proximity to adjacent oil palm plantations? 4) Which bird species traits correlate with relative sensitivity to the conversion of natural savannas into oil palm plantations?
Methods

Study area, Colombian Llanos
The study was conducted in three areas within the Colombian Llanos, each separated by > 100 km and spanning the departments of Vichada, Casanare and Meta, within an altitudinal range of 130-250 m a.s.l. (Fig. A.1 ). We selected areas featuring both natural savanna and oil palm plantations (palm stand age 4-5 years). Studied plantations had a closed canopy ranging in height from 5 to 7 m and planting distances from 9 to 10 m. Fully-mature oil palm plantations were not available within the study areas, which lie at the development frontier of the incipient oil palm agroindustry. We identified natural savanna habitats (as opposed to improved grasslands) on the basis of dominance of native grass species (e.g. Trachypogon, Paspalum, Axonopus, Andropogon; Fig. A. 2), rather than exotic grasses (e.g. Brachiaria spp.), and whether intensive farm management features were evident, such as exclusion fencing and high cattle density (Jiménez et al., 2001; Huber et al., 2006) .
Within each study site, we visited sampling locations arranged within random quadrant blocks spread across each habitat type (natural savanna and oil palm) with a minimum distance of 300 m between each quadrant, following Gilroy et al. (2015a Gilroy et al. ( , 2015b . Within each quadrant, point count stations were placed at a fixed spacing of 200 m to ensure independence. Sampling locations were chosen a priori using Google Earth Pro v. 7.1.5 (Landsat imagery from 2014). Having identified contiguous blocks of the two habitat types at each site (oil palm and natural savanna), we randomly selected point count locations across each habitat block, maintaining the correct minimum spacing between points. A priori placement ensured that sample locations were located at random with respect to fine-scale habitat variation within each habitat class. At each site, we sampled four quadrants within each habitat, giving a total of 48 point count locations in oil palm and 48 in natural savanna (N = 96 overall).
We visited each point count location on four consecutive days, conducting 10-minute counts between 05:40 to 11:30. This repeatcount methodology reduces detection bias and increases the likelihood that rare species present at a site will be detected in any of the four visits (Iknayan et al., 2014) . Expert observers (either NR or LLR) conducted each count, noting all birds detected within a fixed 100 m radius. We used the maximum count of individuals on any single count event as an abundance estimate for each species at each point. Flying individuals that were not seen on the ground within the point count radius were excluded from further analysis. We also recorded each count with a Zoom H1 Handy Recorder (Sampson technologies) to allow subsequent identification of unfamiliar vocalisations using an online reference database (www.xeno-canto.org) . Sampling trajectory was varied each day such that all locations were visited early and late in the morning. Rainy or windy conditions were avoided (Gilroy et al., 2015a (Gilroy et al., , 2015b . The sites were sampled during the local rainy season, between May and June 2016.
To investigate if there were management practices that were likely to improve oil palm plantations for biodiversity, we classified the vegetation cover at each point into two categories: bare ground or kudzuunderstory, and estimated palm height (from the base of the trunk to the highest leaf). We used Google Earth Pro v. 7.1.5 (Landsat imagery from 2014) to calculate the linear distance of each sample point to the nearest area of native forest remnant, as well as the proportionate cover of remnant forest within a 250 m radius around each point using ArcGIS® v. 10.3.1 by Esri (2015) . We also used the same approach to calculate the linear distance to nearest oil palm (for savanna points) and nearest savanna (for oil palm points), allowing us to examine how wider landscape context influences communities within each habitat.
To examine whether the relative vulnerability of species to oil palm conversion varies with species traits, we extracted trait data on habitat specialisms and diet from the Handbook of the Birds of the World Alive, a global online bird handbook accessed from www.hbw.com (del Hoyo et al., 2014; following Gilroy et al., 2015b) . We assigned species to broad habitat categories (aquatic, forest and grassland) based on the wording of individual species accounts, classifying species with no clear habitat specialism as 'multiple', and used the same approach to classify species according to diet (insectivores, frugivores, granivores, carnivores and omnivores). We also sourced data on body mass and migratory status (binary indicator) from BirdLife International's World Bird Database (http://www.birdlife.org/datazone).
Data analysis 2.2.1. Species richness and abundance analysis
To compare species richness between oil palm and savanna, incidence-based rarefaction curves with 95% CI were obtained by resampling the observed data 1000 times. This was done to account for bias in species richness due to unequal sample size of individuals (Gotelli and Colwell, 2001 ). Species accumulation curves for oil palm and savanna were standardised by the number of individuals observed (S obs ) using EstimateS v. 9.1 (Colwell, 2013) . We computed the mean of six estimators for total species richness quantified by EstimateS v. 9.1, and divided the observed species richness by the mean estimated total richness (i.e. S obs /S est ) to give a proportional estimate of species detection within the community . To examine between-habitat differences in species richness for the community of savanna specialists (i.e. those best representing the natural habitat baseline), we also repeated the rarefaction analysis using only species classed as 'grassland' or 'aquatic' specialists.
To identify whether there is a significant difference in mean species richness and mean total abundance (i.e. abundances summed across all species observed at each point) between habitats at the point-count level, we used Generalised Linear Mixed Models with study area as a random effect to account for potential large-scale autocorrelation. We fitted a Gaussian error distribution for species richness and Poisson error distribution for abundance, which is appropriate for count data (Zeileis et al., 2008) . As predictor variables, we included habitat type (savanna or oil palm), distance to nearest remnant forest, and proportionate forest cover (continuous variables, centred and standardised following Schielzeth, 2010) . We used Akaike weights (AIC W ) to rank all possible subsets of the global model based on AIC c , and assessed effect significance using model-averaged parameter coefficients from the whole model set. The proportion of variance explained by the fixed and random effects was assessed using methods described in Nakagawa and Schielzeth (2013) . We tested for spatial autocorrelation in patterns of richness and abundance using a Moran's I test on the residuals from each model (Dormann et al., 2007) in ape package in R v. 0.99.
Community composition analysis
We used abundance data to generate Bray-Curtis dissimilarity matrices of all pairwise community distances among samples (Legendre and Legendre, 2012) , visualized using Nonmetric Multidimensional Scaling (NMDS) function "metaNMDS" (vegan package). Centroids for each habitat were plotted to visualize differences in communities. Stress values, which are the mismatch between the dissimilarity matrix and the distance in the two-dimensional plot, were examined. Low stress values < 0.05 represent excellent accuracy; < 0.1 is very good; < 0.2 is good; > 0.3 close to arbitrary (Legendre and Legendre, 2012) .
To test the hypotheses that habitat, distance to forest and proportionate forest cover influence overall community composition, we used a multivariate approach manyglm in R package 'mvabund' that uses a generalised linear model (GLM) framework to evaluate habitat-community relationships across all species (Wang et al., 2012) . To account for spatial variation at the study area-level, we added the variable 'study area' (with three levels) as a fixed factor. We estimated P values from 999 bootstrap resamples and tested for spatial autocorrelation in community diversity using a Moran's I test on the summed residuals from the manyglm model (Dormann et al., 2007) .
Influence of habitat features on habitat-specific communities within oil palm and natural savanna
To examine how oil palm management and landscape-scale variables influence bird communities within oil palm, we first analysed whether point-level species richness and abundance vary with respect to five habitat features: understory cover (kudzu versus bare soil), oil palm height, distance to nearest forest remnant, proportionate forest cover, and distance to nearest natural savanna (all continuous variables centred and standardised). We used GLMMs with Gaussian errors (for richness) or Poisson errors and log link function (for abundance), with site was included as a random effect in all the models. We performed model selection and model-averaging effect using AIC c , following the methods described above. We also used 'manyglm' analysis to examine the relative influence of these habitat variables on community composition across oil palm sampling points, again using the approach outlined above.
We repeated the same analytical procedures to further examine how habitat variables influence species richness, abundance and community composition within natural savannas. In this case, we considered three habitat features: distance to nearest forest remnant, proportionate forest cover within 250 m, and distance to nearest oil palm (continuous variables centred and standardised), again using Gaussian errors for richness and Poisson errors for abundance, with site included as a random effect. A further 'manyglm' analysis was performed to examine the relative importance of these variables in explaining variation in community composition within natural savannas.
Relationships between species traits and sensitivity to oil palm conversion
We examined whether species traits were associated with vulnerability to conversion of natural savannas to oil palm by comparing differences in mean abundance between palm and savanna for species in each trait grouping (habitat specialisms, dietary groups and migratory status), using paired Wilcoxon rank-sum non-parametric tests.
Results
Species richness and abundance patterns
We identified a total of 140 species from 3644 detections across both habitats. At the habitat scale, species accumulation curves for both habitats were close to saturation ( Fig. 1a; Table 1 ). Estimated total species richness was 31.3% higher in natural savannas than oil palm plantations (Table 1) . Overall, 54 species were unique to savanna (41,5%), whilst 19 were unique to oil palm (14.6%) and 57 (43.8%) species were detected in both habitats. We detected two species of conservation concern, categorized as near-threatened (NT) Bearded Tachuri (Polystictus pectoralis) and Crestless Curassow (Mitu tomentosum) (IUCN, 2017), both were registered only in savanna habitat. We also detected the NT Orinoco Goose (Neochen jubata) in savanna habitats within the study areas, though only outside point count windows. We did not detect any species of conservation concern in within oil palm. For savanna specialists, estimated total species richness was 33.4% higher in savanna ( Fig. 1b; Table 1 ). Overall, 31 (48.4%) species were detected just in savanna, whereas 3 (4.6%) species were detected just in palm and 30 (46.8%) were detected in both habitats (Table A1 ).
At the point count level, species richness and total abundance were significantly higher in savanna than in oil palm, and richness was negatively associated with distance to forests ( Fig. 3a and b ; Table A2 ). The best model for species richness included habitat, distance to forest and forest cover (Table 2) , although model averaging indicated that the effect of forest cover was non-significant (Table A2 ). The best model for total abundance included only habitat and distance to forest (Table 2 ). Overall, model-averaged predictions showed that points within savanna held 6.5 more species on average than points in oil palm, and 26.5 more individual birds. There was no spatial autocorrelation in patterns of richness or abundance based on the residuals from each model (Moran's I test, both P > 0.05).
Community composition analysis
We identified habitat type, distance to forest and site as significant predictors of bird community composition (manyglm analysis, Table  A3 ). Distance from forest and habitat type (savanna versus oil palm) explained the greatest deviance in bird community structure (Table  A3) . NMDS ordination illustrated the broad differences in bird communities between habitat types, with little overlap between savanna and oil palm ellipses (Fig. 2) .
Influence of habitat features on the oil palm community
Species richness at point counts within oil palm significantly decreased with increasing distance to forest ( Fig. 3b ; Tables A4 and A5 ). Distance to forest explained 44% (R 2 marginal ) of the variation in mean bird richness within plantations. Total abundance of birds at points in palm oil was not significantly related to forest proximity or cover, but declined significantly with increasing distance from natural savanna ( Fig. 3d ; Tables A4 and A5 ). The presence of Kudzu understory also showed a significant positive effect on total bird abundance in oil palm, though it was not significantly related to species richness (Tables A4  and A5 ). Palm height had no significant effect on richness or total abundance.
We also identified distance to forest, distance to savanna and site as significant predictors of bird community composition across points within oil palm, with Kudzu understory having marginal significance (manyglm analysis, Table A6 ). Greatest community composition deviance was explained by forest distance, followed by savanna distance and site (Table A6) .
Influence of habitat features on the savanna community
Species richness at point counts within natural savanna showed a marginally significant increase with increasing forest cover, but was not significantly related to distance from forest or oil palm ( Fig. 3f ; Tables  A7 and A8 ). Forest cover explained 16% (R 2 marginal ) of variation in mean bird richness across savanna points. Total abundance within savanna, by contrast, was not significantly related to forest cover, but increased significantly with increasing distance from both forest and oil palm ( Fig. 3a and e ; Tables A7 and A8). However, the variance in abundance explained by these variables was relatively low (R 2 marginal = 0.10 and 0.05 respectively, Table A8 ). Fig. 1 . Incidence-based rarefaction curves for natural savanna and oil palm showing the cumulative number of bird species richness when re-scaling the x-axis to individuals. Curves were produced by reordering data 1000 times. The 95% CI are shown by the grey shadow. Panel a) total species and b) savanna specialists. Community composition across savanna points varied significantly with both distance to forest and distance to oil palm, with marginally significant effects of forest cover and site (manyglm analysis, Table A9 ). Greatest community composition deviance was explained by distance from oil palm, followed by distance from forest (Table A9) .
Species trait correlates of sensitivity to oil palm conversion
Several species traits were significantly associated with differences in species abundance between natural savanna and oil palm. Mean point-level abundances were significantly higher in savanna than oil palm for species associated with aquatic habitats ( Fig. 4a ; paired Wilcoxon rank-sum test P = 0.001), forest habitats (P = 0.020) and grassland habitats (P = 0.002). Also, savanna points had significantly higher abundances of species with carnivorous diets (Fig. 4b, paired Wilcoxon rank-sum test, P = 0.001) and insectivorous diets (P = 0.017), although no other dietary group showed significant differences. Migratory species were also significantly more abundant on average in savanna (Fig. 4c, paired Wilcoxon rank-sum test P = 0.001). No traits were significantly associated with higher abundance in oil palm relative to savanna (Fig. 4) .
Discussion
There is growing evidence that oil palm plantations represent a major threat to tropical biodiversity within forest habitats (Chung et al., 2000; Pfeiffer et al., 2008; Wilcove et al., 2013; Srinivas and Koh, 2016) . However, no systematic field-based studies have quantified the biodiversity impacts of oil palm expansion in natural tropical savannas (Vargas et al., 2015) . In the Colombian Llanos, we found that young oil palm stands (< 5 years old) adjacent to tropical natural savannas had significantly lower bird species richness and abundance at both the habitat scale and the point scale. Species composition was significantly different between oil palm and savanna, with 41.5% of species occurring only in savanna habitat, including two species of conservation concern (Polystictus pectoralis and Mitu tomentosum). Our results suggest that oil palm expansion is likely to be having rapid and deleterious impacts on bird diversity in the region.
Within natural savannas, we found that total bird abundance declined significantly with increasing proximity to oil palm, alongside concomitant changes in community composition (though not overall species richness). This suggests that oil palm conversion could have spill-over impacts in adjacent savanna areas, in addition to in situ impacts within habitats that are replaced. Such edge effects have been documented in forests adjacent to oil palm (Fitzherbert et al., 2008 ), but have not been previously recorded in savannas. We also found that abundance within oil palm declined significantly with increasing distance from the nearest natural savanna, alongside additional significant changes in community composition. This suggests a trend towards increasing biodiversity impacts within 'core' oil palm areas that are well isolated from natural savanna habitat.
Within the sampled bird community, we found that aquatic, forest and grassland specialists may be particularly sensitive to the conversion of savannas to oil palm, as well as carnivorous and insectivorous dietary guilds. The Llanos region is particularly important for waterbird species, supporting large populations of colonially breeding wetland species that are known to be sensitive to environmental change (Vilella and Baldassarre, 2010) . Despite this, the Colombian Llanos has no currently Fig. 4 . The mean ( ± SD) abundance within oil palm (red) and savanna (blue) of species with a given habitat specialism a) and dietary specialism b). c) Mean point-level abundances of migrant and non-migrant species in oil palm and savanna (to better visualize relative differences in abundance between habitats, a line showing a 1:1 relationship is shown). Significance differences between groups was assessed using paired Wilcoxon rank-sum tests (* = P < 0.05, ** = P < 0.01). (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
designated sites within the Ramsar Convention on Wetlands of International Importance (http://www.ramsar.org/). Some of our sampled oil palm plantations did retain embedded wetland features, but overall waterbird communities remained depauperate in oil palm relative to natural savannas. Our results suggest that large-scale oil palm development within the Llanos could have significant negative impacts on waterbird communities due to direct habitat loss, as well as potential indirect impacts due to changes in drainage and agrochemical use.
There are a number of potential caveats to the interpretation of the data in this study. Firstly, although the savanna habitats sampled in this study showed limited signs of recent anthropogenic impact, it is possible that they may themselves represent degraded systems relative to the true historic baseline in the region. The role played by humans in shaping 'natural' tropical savanna systems remains unclear (RomeroRuiz et al., 2012) , but it is likely that the Llanos region has a long history of cattle grazing and other human land-uses, including impacts on fire regimes (Romero-Ruiz et al., 2012) . As a consequence, it is difficult to define a clear baseline state against which to make biodiversity comparisons. It should also be noted that our study sampled only three savanna types (undulated, dry and wet savanna) as classified by Blydenstein (1967) , and that the wider region features numerous other savanna types with a heterogeneous array of physiognomic features (Roman-Cuesta et al., 2014; Carr et al., 2016; Pennington and Lavin, 2016; Huber et al., 2006) . This large-scale habitat variation is associated with changes in water regimes, fire history (natural and anthropogenic) and soil properties (Jiménez et al., 2001; Guimaraes et al., 2004) , together with pronounced differences in ecological communities. It is therefore likely that local-scale studies such as ours may underestimate the impacts of agricultural expansion in the Llanos, by failing to account for wider patterns of beta diversity (Socolar et al., 2016) .
Our sampling was carried out in the wet season, and therefore does not sample the full community of birds utilising the region across the annual cycle. It is likely that local bird communities change in the dry season (e.g. greater diversity of austral migrants and lower abundances of waterbird communities), although the impacts this might have on the relative diversity of communities in savanna and oil palm are unclear (Volpato et al., 2009; Jahn et al., 2013) . Further sampling across the seasons, as well as targeting other taxa, would significantly improve our understanding of the true biodiversity impacts of land-use change in the region. Although birds are considered good indicators of habitat disturbance impacts across taxa (Hausner et al., 2003; Vandewalle et al., 2010; Edwards et al., 2014; Hawa et al., 2016) , it is critical to examine the impacts of oil palm development on other taxa for which the Llanos region is important (e.g. freshwater fish, Romero et al., 2008) prior to developing specific conservation management strategies for the region.
Conservation implications
Compensation strategies to ameliorate agricultural biodiversity impacts in Colombia mainly reforestation, restoration and protection of vegetation cover (ANLA, 2015) . For example, according to the Colombian law (Resolution No. 500.41-13-1571 , for 1000 ha of agricultural monoculture planted, 10 ha of land should be set aside for reforestation or natural regeneration (Corporinoquia, 2013) . However, when conversion affects natural savannas, protection of different habitat features may be necessary to avoid losses of savanna biodiversity. Existing permanent wetlands and riparian strip forests within the Llanos are currently protected under Colombian Law (Resolution No. 200.41.11-1130 , which establishes a buffer zone of 100 m from protected features (Corporinoquia, 2011) . However, ambiguities in the law definition, limited knowledge of the locations of important habitats, and difficulties in enforcement have all made the law insufficient to fully protect natural ecosystems from oil palm expansion. Further empirical research on the locations of key habitat features within the Llanos, the effectiveness of habitat protection measures, and the impacts of agricultural expansion on other taxonomic groups are all needed to support policy makers in efforts to protect natural savannas biodiversity.
Whilst there is debate among scientists over whether it is possible to improve oil palm plantations for biodiversity through management (Edwards et al., 2010; Laurance et al., 2010) , it is clear that oil palm cannot ecologically substitute natural habitats. Nevertheless, some plantation management methods could boost biodiversity. Our models suggest that proximity to remnant forest significantly bolsters bird species richness and influences bird community composition within oil palm (Koh, 2008; Lucey et al., 2014; Gilroy et al., 2015a) . Maintaining and strengthening legal protections for remnant forest therefore remains an important priority for biodiversity and other environmental considerations.
We also hypothesized that the non-native kudzu vine, a plant increasingly introduced as a soil management measure in the region, could benefit bird communities in oil palm. Kudzu showed a significant positive effect on bird abundance, as well as a marginally significant effect on bird community composition within oil palm. Although classed as a dangerous invasive plant in many regions (Forseth and Innis, 2004) , kudzu presence could provide significant microhabitat heterogeneity within oil palm monocultures, potentially boosting prey availability for some birds. However, any potential benefits of kudzu presence within plantations could be outweighed by risks of invasion into surrounding natural habitats. To have a better understanding of the effects of this and other oil palm management practices (e.g. retaining water bodies, seeding understory with native grass species), further detailed studies are clearly needed.
Although a deep analysis of the socioeconomic implications of oil palm expansion is beyond our scope, it is important to note two recent developments in relation to oil palm in Colombia: 1) The current postconflict context has created requirements for novel employment opportunities for > 7000 former political insurgents (Brodzinsky and Watts, 2016) , and oil palm plantations have been identified as fruitful grounds for rehabilitative employment (Baquero, 2016) . Targeted oil palm expansion in areas where environmental impacts are minimized may therefore have significant positive social and economic side effects. 2) Security issues that for decades have made many areas in Colombia inaccessible to developers and researchers alike are now rapidly declining. These areas are emerging targets for economic development (Sanchez et al., 2015) , and it is essential that biodiversity research keep pace with socio-political developments in this region. Further increases in our knowledge of the biodiversity value of natural savannas are needed to guide management plans for the Llanos region as a whole.
Conclusions
We highlight threats of land-use change to biodiversity in tropical natural savannas within a region that has been earmarked as a good prospect for oil palm development, partially due to a perception that impacts to biodiversity will be minimal (Garcia-Ulloa et al., 2012; Gilroy et al., 2015a; Vijay et al., 2016) . We argue that policies designed to encourage oil palm development in the Colombian Llanos should include explicit measures to minimize impacts on important natural savanna habitats. In particular, there is significant potential to direct new developments towards already degraded areas such as improved cattle pastures combined with husbandry and yield improvements elsewhere (Gilroy et al., 2015a) , or areas used previously for illicit crops. Currently, the four recognised protected areas within the Colombian Llanos that include tropical savannas represent 4.6% of the total area (PNNC, 2017) . To avoid significant negative impacts of expanding oil palm in the region, the expansion of priority areas should be a conservation priority, including the potential designation of new Ramsar sites and Important Bird Areas. Policies concerning the protection of forest patches within oil palm plantations could be strengthened and extended to other important savanna features (such as temporary wetlands) to provide further benefits. Detailed mapping of fine-scale habitat variation across the region, combined with further direct sampling of biodiversity, would also greatly help in the identification of priority areas for oil palm expansion, and for environmental protection.
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